SUMMARY To assess the effects of i.v. injection of morphine, 0.5 mg/kg, hemodynamic studies were performed on 24 critically ill patients under controlled ventilation. An esophageal balloon was used to estimate intrapleural pressure and transmural cardiac filling pressures were calculated. After injection of morphine, there were significant decreases in heart rate (13%), cardiac index (18%), stroke index (17%) and arterial pressure (15%) and there was a nonsignificant increase in esophageal pressure (15%). Transmural cardiac filling pressures decreased significantly (21% for the pulmonary wedge pressure); intravascular filling pressures were unchanged. Oxygen consumption decreased significantly, by 21%, in 10 patients with initially elevated oxygen consumption and by 9% in 14 patients with initially normal oxygen consumption. The oxygen extraction ratio was unchanged, suggesting that the decrease in oxygen consumption was caused by decreased oxygen demand rather than by inadequate oxygen delivery. These results indicate that the hemodynamic effects of morphine (0.5 mg/kg) administered to critically ill patients were associated with a significant decrease in oxygen consumption, which probably reflected sedation and analgesia.
MORPHINE can soothe severe pain, depress respiration and induce sedation without loss of consciousness. In critically ill patients treated in surgical intensive care units, large doses of morphine (0.5-2 mg/kg) can be used to provide sedation and analgesia. Of 20-240 mg) . The use of such quantities of morphine requires knowledge of whether morphine-induced sedation is associated with deleterious hemodynamic effects. Several studies performed on cardiac patients'-. and on healthy volunteers4 demonstrated an apparent lack of detrimental hemodynamic changes after i.v. morphine in doses of 0.5-2 mg/kg. Nevertheless, increased cardiac filling pressures occurred during those studies even though morphine was not known to have any deleterious effect on myocardial contractility. Lappas et al.3 hypothesized that this increase in measured cardiac filling pressures could reflect some changes in pleural rather than transmural vascular pressures.
The aim of this study was to evaluate the changes in hemodynamics and oxygen consumption after high doses of i.v. morphine in critically ill patients. As all patients were mechanically ventilated, the changes in intravascular and transmural cardiac filling pressures were compared.
Methods

Patients
Twenty-four acutely ill patients being treated in the intensive care unit were selected according to the following criteria: absence of known cardiac disease, presence of sinus rhythm and stable hemodynamic condition without evident hypovolemia; absence of cardiotonic or antiarrhythmic drugs; absence of morphine or sedative drugs in the 24 hours before the study; insertion of arterial and Swan-Ganz catheters within the preceding 3 days as an integral part of patient's care; adaptation to the respirator; and absence of acute sepsis.
All patients were studied when the most acute phase of the disease had passed (2-5 days) and they were hemodynamically and metabolically stable. After the study, all received continuous i.v. infusion of morphine for 2-23 days. Most of the patients were ventilated with usual tidal volumes (8-9 ml/kg). Nine Procedures Each series of measurements, including esophageal pressure, hemodynamic pressures, heart rate, cardiac output, rectal temperature, arterial and mixed venous blood samples, took approximately 3 minutes to perform. Data were recorded before administration of morphine (control) and 15, 30, 60, 90, 120 and 180 minutes thereafter. Morphine hydrochloride, 0.5 mg/kg, was injected through the Swan-Ganz catheter into the right atrium at a rate of 5 mg/min. An average volume of 165 ml of 5% glucose was administered during the study. The mean, standard deviation and standard error of the mean were calculated for all values obtained, and data were computed using the correlated t test, with each patient serving as his own control; p < 0.05 was considered significant.
Results
Sedative and Metabolic Effects of Morphine
In the 21 conscious patients, sedation was observed in the minutes after administration of morphine. There was a marked variability in the degree and duration of sedation. Most of the patients dozed throughout the study, but all of them could be awakened easily and could understand simple questions. Metabolic data before and after morphine administration are summarized in table 2. Factors known to modify hemodynamics, such as pH, Pco2, hemoglobin blood level and temperature, remained unchanged throughout the study. There was a slight and unsignificant widening of the arteriovenous oxygen difference. Oxygen consumption was significantly diminished after morphine administration. The magnitude of the decrease varied according to the initial status of oxygen consumption (fig. 2) ; the decrease was large and prolonged in 10 patients with an initially elevated oxygen consumption (patients 1-10, table 1) and moderate and transitory in 14 patients with an initially normal oxygen consumption (patients 11-24, table 1). The oxygen extraction ratio remained unchanged in all patients.
Systemic Hemodynamic Effects of Morphine (table 3) Heart rate, cardiac index and stroke index were significantly diminished after morphine injection ( fig.  3 ). The decreases in cardiac index and stroke index were immediate and moderate. The decrease in heart rate was more progressive and also moderate. Three Abbreviations: HR -heart rate; CI cardiac index; SI = stroke index; SAP = systolic arterial pressure; DAP = diastolic arterial pressure; MAP = mean arterial pressure; TVR = total vascular resistance. evident heart disease and were under controlled ventilation before the study, so that intubation was not performed as part of the protocol. Further, Pco2 remained constant throughout the study, the effects of morphine were analyzed for a period of 3 hours and esophageal pressure was recorded, permitting the estimation of transmural cardiac filling pressures.
Far from increasing, as previously reported," 2, cardiac index decreased significantly in the minutes after morphine injection ( fig. 3) . The simultaneous decrease in stroke index and transmural cardiac filling pressures during the first hour strongly suggested a decrease in venous return, which corroborates reports of a morphine-induced increase in venous capacitance.8 10 For the next 2 hours, cardiac index remained significantly decreased because morphine had induced a prolonged slowing of heart rate ( fig. 3 ), which can be attributed both to the sedation and analgesia prodtuced and to a centrally mediated generalized increase in vagal tone." A slight and prolonged decrease in arterial pressure also occurred after morphine administration. Severe fig. 5 ). In fact, morphine induced an increase in esophageal pressure in 15 patients (fig. 4) . A variation of this type may reflect either an increase in esophageal smooth muscle tone or an increase in intrapleural pressure. There is evidence that the second assumption is more likely. Morphine can produce muscle rigidity'l and tracheal constriction,17 which decrease thoracopulmonary compliance and increase intrapleural pressure. Such a morphine-induced modification of respiratory mechanics may explain the increase in intravascular cardiac filling pressures in patients being mechanically ventilated after administration of high doses of morphine.2' 3 However, this has not been proved, as we did not measure thoracopulmonary compliance in this stuidy.
Most patients with multiple injuries have a high mean pulmonary artery pressure; PWP = pulmonary wedge catabolic rate induced by pain, anxiety, restlessness and hormonal stress response. Increased oxygen consumption generally reflects such a catabolic state.'8 Increased cardiac index is one of the adaptative mechanisms to this situation. In this study, we showed that large doses of morphine can decrease oxygen consumption in critically ill patients, especially if their oxygen consumption is initially elevated (fig. 2) . It is critical to know whether this decrease is related to a decrease in oxygen demand or to a decrease in oxygen delivery. The oxygen extraction ratio is an index of the efficiency of the circulation, with normal values around 0.25%. When it increases, inadequate oxygen delivery is involved: demand is out of proportion to supply, When the oxygen extraction ratio decreases, maldistribution and anatomic or physiologic shunting are possible.20 In our patients, the oxygen extraction ratio remained remarkably unchanged after morphine administration (table 2) . This suggests that the decrease in oxygen consumption was mainly caused by decreased oxygen demand rather than by inadequate oxygen delivery. This decrease in oxygen demand probably reflected morphine-induced sedation and analgesia and contributed to the decrease in cardiac index. The hemodynamic and sedative effects of morphine are probably closely related in acutely ill patients. Morphine can partially antagonize adrenergically mediated cardiovascular response to stress, which in turn induces a more basal resting hemodynamic condition. That is, morphine may induce in acutely ill patients a genuine "hemodynamic sedation" that may be beneficial. Moreover, in contrast to other sedative drugs, morphine does not induce a comatose state, and therefore the clinical neurologic status can be accurately assessed. In addition, the subject accepts the ventilator more readily. For these 58 CIRCULATION reasons the administration of morphine to normovolemic critical ill patients may result in a more satisfactory state.
